Introduction
Complex formation of silver(I) cations by am monia and amines has been well established in an alytical chemistry and chemical technology of sil ver for more than a century. However, nitrogencontaining heterocycles have also been am ong the early complexing agents. The first silver "azolides" were in fact obtained as early as 1893, alm ost 100 years ago [1 ] , and interest in this class of com pounds continued ever since [2, 3] , owing to the potential application of these com pounds in pho tography or silver plating by electrochemical or other processes.
A more detailed knowledge o f the stoichiometry and structure of the complexes grew out of X-ray diffraction studies, first initiated in 1971 [4] , Sever al structures have since been determined [5] [6] [7] [8] [9] . Though in most cases the expected linear twocoordinate geometry at the silver atom could be confirmed, there are also examples for species with higher coordination numbers and less regular ge ometries, mainly due to contacts with the counter ions present in the system.
As part o f a program oriented towards the de velopment o f new materials for thermal silver plat ing of substrate surfaces for application in electri cal devices or for decorative purposes, we have prepared and characterized a series of complexes of silver nitrate with pyrazole, (diphenyl)triazole, 8 -amino-quinoline, and 8 -hydroxy-quinoline.
Preparation and Properties o f the Complexes
The complexes were synthesized by mixing slightly acidic aqueous solutions of A g N 0 3 (H N O j) with an ethanol solution of an excess of the ligand. Crystals were grown by slow evapora tion o f the solvents at room temperature under protection against direct incandescence of visible light. The products have been identified by mi croanalysis, 'H and 13C N M R spectroscopy, and single crystal X-ray diffraction methods. The re sults of these studies showed that only pyrazole forms the 2 : 1 complex expected from a reaction with excess ligand, while triazole and diphenyltriazole as well as 8 -amino-quinoline give only the 1 : 1 complexes:
[(C9N 2H 8) 
According to the analytical and structural data, only complex 1 (melting point 76 °C, colourless crystals, 98.0% yield), can be considered an ionic com pound, with the cations of 2 : 1 stoichiometry well separated from the nitrate anions both in so lution and in the crystal (see below). Complexes 2 (colourless crystals, 83.7% yield) and 3 (brown crystals, 95.2% yield) are associated to give dimers with close contacts between cations and anions.
The N M R spectra of aqueous solutions o f com plex 1 suggest C2v symmetry of each ligand through equivalence of the N-bonded CH groups ('H and 13C ), and a first-order 1:2:1 'H triplet for the central CH group (Exper.). This result indi cates a rapid site exchange of silver cations and protons at the four nitrogen atom s of the 2 : 1 com plex. F or complex 2, the N M R data (in D 20 ) indicate C2v symmetry for the ligands, but this is also borne out by the crystal structure, where the triazoles form symmetrical N,N'-bridges between the silver atoms. Therefore, no ligand exchange has to be in voked in order to explain the singlet 'H and 13C CH resonances of the com pound, but nevertheless such an exchange may as yet be operative in polar media. The third nitrogen atom , which is not A g-coordinated, is a protonated donor site. This "4 H -F o rm " is also found in analogous copper complexes [10] . The diphenyl analogue 2 a is as sumed to be similar in structure, but has not been investigated any further. 
Structural Studies
The solid state structures o f com pounds 1 -3 have been determined by single crystal X-ray dif fraction. Crystal data and structure solution pa rameters are listed in Table I .
F or com pound 1, the structure of one of two in dependent and very similar centrosymmetrical complex cations is shown in Fig. 1 . The pyrazole ligands are attached to the silver atom via one of the two nitrogen atoms. As shown in Fig. 2 , the ni trate anions have no short contacts with the com plex cations.
As illustrated in Fig. 3 , the structural unit in the crystals o f complex 2 is a centrosymmetrical di mer, with two (4-H)-triazole ligands N,N'-bridging two silver atoms. The two nitrate counterions are coordinated to the metal atom s mainly through one oxygen atom ( 0 3, 0 3 ') at 2.491(1) Ä, while oxygen atom s 0 2 , 0 2 ' are further apart (at 2.803(1) Ä). The silver tetra-coordination can thus be described as strongly distorted tetrahedral. The flat dimeric units are stacked as shown in Fig. 4 , with the stacks crosslinked by hydrogen bonds (from 4-H of the triazole, at N 2 in the crystallographic notation of Fig. 3 , to O 1 o f a nitrate).
Crystals o f com pound 3 also contain centrosym metrical dimeric units, which are shown in Fig. 5 . Two ligands are complexing two silver atoms in a head-to-tail arrangem ent, i. e. one amino and one pyridine function in a trans position at the metal. The coordination at the silver atom s is not linear, however, since a significant distortion occurs through m onodentate coordination of a nitrate counterion (at 2.435(1) Ä for A g -O 1). A second A g -O contact (A g -O 3") from an oxygen atom of a neighbouring dimer (Fig. 6 ) is longer, at 2.728(1) Ä. The coordination o f the silver thus also renders a strongly distorted tetrahedral environ ment. Hydrogen bonds between amino groups of the ligands and oxygen atom s o f the nitrate ions are further connecting the individual dim er units (Fig. 6 ) . A selection of interatomic distances and angles have been compiled in Tables III, V Experimental P art
General
All experiments were carried out routinely in an atmosphere of purified nitrogen. Solvents were de gassed and saturated with nitrogen. Samples were kept in the dark or at least protected against direct incandescence of light. Bis(8-hydroxy-quinoline) silver nitrate (4) As described for 1, complex 4 is prepared from A g N 0 3 (340 mg, 2 mmol) in water (10 ml) and the ligand (780 mg, 4 mmol) in ethanol (100 ml); yield 900 mg (97.8%), m. This work was supported by Deutsche F o r schungsgemeinschaft (Leibniz-Programm), by Fonds der Chemischen Industrie, and by Heraeus Gm bH. We are grateful to Mr. J. Riede for estab lishing the X-ray data sets, Mr. M. Barth and Ms. U. G ra f for the elemental analyses.
